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ABSTRACT
Vatansever-Ozen S, Tiryaki-Sonmez G, Yuktasir B, Yalcin HB, Bugdayci G, Willems M. Effects Of Exercise On Leptin And Acylated Ghrelin Hormones In Trained Males. JEPonline 2010;12(2):20-30. Ghrelin and Leptin hormones play roles in energy homeostasis and food intake. The purpose of this study was to examine the effects of moderate-intensity exercise on plasma acylated ghrelin and serum leptin levels. Seven trained male subjects (age: 19.42±0.97 yr, body mass: 70.6±4.0 kg, VO2max: 63.14±6.09 ml·kg-1·min-1) voluntarily participated in two, 1 hr trials (exercise and control) in a random crossover design. In the exercise condition, subjects ran on a treadmill for 60 min (from 10:00 to 11:00 am) at 50% of VO2max. In the control condition, subjects rested for the same duration. Blood samples were collected before and immediately following the exercise and control protocols. In the exercise condition, plasma acylated ghrelin was increased by 45% and serum leptin was significantly decreased by 17% (P<0.05) with no apparent changes in the control condition. In conclusion, acute exercises of long duration - moderate intensity lower leptin levels while increasing acyleted ghrelin. 
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INTRODUCTION

Recent studies in endocrinology and metabolism indicate that adipocytes function as an endocrine tissue producing several important endocrine substances. Specifically, adipocytes release leptin, a protein that reportedly decreases food intake, increases energy expenditure and preserves adipose tissues (51). In addition to leptin, a relatively new peptide, known as ghrelin, has been shown to be released by adipocytes (12,26) and administration of exogenous ghrelin induce the release of growth hormone (GH), stimulates food intake, body weight gain (34,42,43,45,49,), and decreases lipid metabolism (42,43). It also has been shown that the level of leptin decreases while ghrelin increases during fasting (10,37). Therefore, leptin and ghrelin are associated with regulation of energy balance. This had led to increased interest in studying the effects of exercise on ghrelin and leptin. Studying effects of these peptides may shed light on how exercise improves health since it is known that exercise training improves the health status of obese individuals and is associated with reduction of body weight (21,29,50).

To date, the published studies in acute submaximal and maximal exercise have shown conflicting results. Studies have reported increases (7,23,30), decreases (40,44) or no change (6,11,15,24,27,31,36,52) in total ghrelin concentrations as a result of exercise. In all of these studies, the effect of exercise on total ghrelin was investigated. 

Ghrelin takes two forms in the circulation as acylated and des-acylated ghrelin (30); however, only acylated ghrelin has a n-octanoyl group. This is required for ghrelin to bind to the growth hormone secretagogue receptor (GHSR) for its entry into the hypothalamus and pituitary gland, and to affect food-intake (26). Therefore, it can be concluded that acylation of ghrelin is essential for appetite regulation. Currently, little is known about the influence of acute moderate intensity exercise on acylated ghrelin concentration.

There have been some studies focused on the effects of exercise on acylated (active) ghrelin (4,5,20,25,30,32,33). Two studies investigated the chronic effects of exercise (25,33) and found that a long term exercise program did not alter acylated ghrelin. Three of these studies (4,15,32) focused on the acute effects of relatively intense exercise.  Broom and colleagues (4,5) reported that 60 minutes of exercise at 70-72% of VO2 max was associated with a decline in acylated ghrelin concentration. The other study also reported a decline in acylated ghrelin concentration in 8 obese males after a graded bicycle ergometer exercise test to exhaustion (4). Contrary to this study, Mackelvie and colleagues (30) found that 5 consecutive days of aerobic exercise (65% of maximum heart rate reserve) for one hour duration increased the acylated ghrelin level in overweight and normal weight adolescent male subjects. 

The results from these few studies on acylated ghrelin are contradictory and further study is certainly warranted in this area. The possible causes of the conflicting results are further related to methodological differences such as the selection of participants and the intensity, duration, frequency and type of exercise. 

The intensity of exercise in previous studies was at or above 70% of VO2 max which would require carbohydrate to be the main source of energy with only a small contribution from fats  (4,5,32). Yet evidence shows that there is a correlation between ghrelin and the choice of the substrate (3,47). Ghrelin favors adipogenesis in vivo (41) and impairs adipocyte lipolysis in vitro (8) while sustained peripheral and central ghrelin administration increase respiratory quotient directly, indicating reduced whole-body lipid oxidative utilization (42). 
No study has been reported in the literature that investigated the effects of acute exercise on plasma acylated ghrelin and leptin with low intensity exercise (< 60% VO2 max) and lipids as the main energy source. Therefore, the aim of this study was to investigate the effect of acute moderate intensity exercise on leptin and acylated ghrelin levels. 
METHODS	
Subjects
Seven trained non-smoking males aged 18-21 years participated voluntarily in the study. Subjects had no medical treatment during the recent past, no history of any endocrine disease, were not on a weight-loss or weight-gain diet during the course of the study, had no diet restrictions within the last six months, no presence of diabetes or obesity in family history, no gastric or digestive problems, and no known cardiovascular disease. They were exercising at least three times a week and had a history of at least five years of regular exercise. Subjects provided informed consent after being informed of the risks of the study. The present study was approved by the ethical board of the Abant İzzet Baysal University School of Medicine Clinical Laboratory Research, Bolu, TURKEY and the Institutional Review Board of Lehman College, The City University of New York, USA. 

Procedures
Preliminary Test
Anthropometric measurements
Height was measured to the nearest 0.1 cm using a Holtain fixed wall stadiometer. Body mass was measured to the nearest 0.01 kg using a beam balance. Skinfold thickness was measured at four sites (triceps, biceps, subscapular and suprailiac) on the right-hand side of the body using calipers (Skinfold Caliper Baseline MM, Fabrication Enterprise Incorporated, New York, US). Body density was calculated using a four-site formula and percent body fat was then estimated using the Siri equation (38). The Waist and hip circumference measurements were recorded to the nearest 0.5 inch (1.27 cm) by using the Novel Products Figure Finder Tape (Novel Products Inc., Rockton, Illinois). The waist was measured at the smallest point between the 10th rib and the iliac crest; hip circumference was measured at the level of maximum protrusion of the gluteus muscles. Measurements were taken in duplicate. If the two measurements differed by more than 1 inch (2.54 cm), a third set of measurements was taken. The average of the two measurements was then used. Waist-to-hip ratio was calculated accordingly (39). 

Max VO2 Test
Maximal Oxygen consumption was determined according to an incremental Bruce protocol in 3-min stages by using a Cortex II Metalyser gas analyzer (Cortex Biophysik, Leipzig, Germany). The analyzer was calibrated before the test with gases of known concentration according to the manufacturer’s guidelines.  Maximal oxygen consumption was considered to have been reached when two of the following criteria had been met: (1) heart rate was within ±10 beats/ min-1 of age-predicted maximum heart rate; (2) respiratory exchange ratio (RER) ≥ 1.15; and (3) a plateau in oxygen consumption. 

Experimental Trials
Two main trials (exercise or control) were performed in a counterbalanced, randomized design. The Interval between the two trials was at least 1 week.  For each trial, the participants reported to the laboratory at 9:00 am after a minimum of 10 hours (no food or drink except water) overnight fast.  For the exercise condition, subjects ran at 50% VO2max with an RER (VCO2/VO2) between 0.7-0.8 for 60 minutes. During the exercise, subjects breathed through a facemask. Respiratory gas exchange variables were measured throughout the test in a breath by breath mode and data were stored in 10-second intervals. Oxygen consumption (VO2) and carbon dioxide production (VCO2) were continuously measured using a Cortex II Metalyser (Cortex  Biophysik, Leipzig,  Germany). The mean respiratory exchange ratio (RER) was calculated from the recorded measurements. Gross energy expenditure during exercise was calculated using the Weir equation (46). Fat and carbohydrate oxidation was determined indirectly by monitoring the respiratory exchange ratio (RER). The treadmill speed was adjusted every few minutes to maintain the speed at 50% of the VO2 max according to the subject’s preliminary test results.  

Blood Sampling and Analysis
Forty-five minutes prior to exercise, a cannula was inserted into a forearm vein and the participants rested. Ten minutes before the exercise, the first blood sample was drawn from both groups. The second blood sample was collected immediately after exercise and after 60 minutes in control testing. Blood samples for ghrelin hormone were drawn into chilled tubes containing Na2 EDTA (1.25 mg/ml) and aprotinin (500 U/ml) (Phoenix pharmaceuticals, Burlingame, USA). For leptin measurements, 3 ml of blood was placed into red cap tubes. Immediately after collecting blood samples, ghrelin tubes were centrifuged at 1500g for 15 minutes at 4°C. The obtained plasma samples were mixed with 1 mol/L HCl (Hydrochloric acid) at a ratio of 1/10 and were stored at –70°C. Red cap tubes were centrifuged after completion of clot formation and the serum samples were stored at –70°C until the day of the hormone measurements. Acylated ghrelin was assessed from the plasma (Sceti, Tokyo, Japan) and leptin from the serum (DRG, Marburg, Germany) (Sandwich) with ELISA method. 

Control for Diet and Exercise
For 2 days before the trials, the participants were asked to replicate their regular physical activity. They weighed and recorded all food and drink consumed during the 48 hours immediately preceding their first trial and they replicated this intake during the 48 hours before their second trial. The participants were asked to refrain from alcohol consumption during these periods. The dietary intake was analyzed by using www.mydietanalysis.com (​http:​/​​/​www.mydietanalysis.com​) computerized program.

Statistical Analyses
The data were not normally distributed, homogeneity of variance was heterogeneous and N was less than 30, therefore a non-parametric Wilcoxon test was used. Means and standard deviations (±SD) were determined. The differences between pre-test and post-test measurements of exercise and control testing were analyzed with the Wilcoxon test. The level of significance was set at P < 0.05. The results were analyzed using statistical software (SPSS 15.0, SPSS Inc., Chicago, IL, USA)

RESULTS

The physical characteristics of the subjects (means ±SD) were as follows: age 19.42±0.97 yr, height 1.75±0.05 m, body mass 70.6±4.0 kg, body mass index (BMI) 23.04±0.54 kg/m2, waist circumference 79.28±3.54 cm, waist/hip ratio 0.87± 0.05, body fat 19.91± 0.01%, maximum oxygen uptake 63.14±6.09 ml .kg-1 .min -1. The subjects’ characteristics are presented in Table 1.

Responses to Treadmill Running
The mean percentage of maximum oxygen uptake elicited during exercise was 50.12±1.13%. The mean 50% max VO2 was 32.30±5.45 ml/kg/min and the mean respiratory exchange ratio was 0.76±0.05. Gross energy expenditure during exercise was 686.14±55.36 kcal with 83±2% of energy provided from fat and 17±2% of energy provided from carbohydrate. Average heart rate during exercise was 143.18±3.30 beats/min.

Nutritional Analysis
The subjects consumed 9445.71±1261.73 kcal and 8901.42±1057.00 kcal in 48 hours in exercise and control trials, respectively. There were no significant differences between exercise and control trials (p= 0.091) 

Acylated Ghrelin and Leptin 
Statistical analysis of data showed that there were statistically significant differences between the pre-test and the post-test of both the leptin exercise group (p=0.02) and the ghrelin exercise group (p=0.02). On the other hand, no statistical differences were observed for leptin control (p= 0.12) and ghrelin control (p=0.73) groups, (Table 2). 

In the exercise condition, 1 hour of moderate-intensity exercise resulted in significant increase of plasma acylated ghrelin (13.23  ± 3.69 to 19.17 ± 7.31 fmol/ml)  by 45% and significant  decrease of serum leptin ( 4.57± 0.80 to 3.80±1.19 ng/ml) by 17%; on the contrary there were no significant changes in plasma acylated ghrelin (14.18 ± 3.82 fmol/ml and 14.93 ± 5.66 fmol/ml) and serum leptin leptin (4.34 ± 0.69 ng/ml and 3.54 ± 1.44 ng/ml) from the pre-test to the post-test.

Statistical analysis of the data also showed that the mean difference of acylated ghrelin concentration from the pre-test to the post-test was significantly different between the ghrelin exercise and the ghrelin control group (p= 0.01) while the mean difference of leptin concentration from the pre-test to post-test was not significantly different (p= 0.61) between the leptin exercise and the leptin control groups (Table 3).

DISCUSSION

This study examined acylated ghrelin and leptin levels immediately after long duration acute moderate intensity exercise (max VO2 less than 60%) in trained male subjects. The main finding of the present study was a significant increase in acylated ghrelin and decrease in leptin immediately after exercise. The finding that acylated ghrelin increased after exercise is consistent only with one (30) of the previous studies which showed that 5 consecutive days of aerobic exercise increased acylated ghrelin. While this finding is at varience with several other studies (4,5,32), these studies employed different exercise protocols than the present one. In the previous studies exercise duration was shorter and/or exercise intensity was higher. 

The present study investigated the effects of moderate exercise on acylated ghrelin after exercise during which mainly fats were used as energy sources (RER= 0.76) compared to other studies (4,5,32) where carbohydrates were used as energy sources (RER= 0.89- 0.94). The increase in RER suggests a shift from fat oxidation towards carbohydrate oxidation. Nitsche et al. (35) reported that in obese children and adolescents, after 10 days of caloric restriction and exercise, the BMI decreased while RER and ghrelin increased together with a correlation between the two (35). This shows that acylated ghrelin is a sensitive indicator of substrate oxidation change. Energy deficiency induced by acute moderate exercise increases acylated ghrelin. This change may act as a metabolic stimulant playing a key and important role in compensating for the energy deficiency by increasing appetite and food intake (9). It is possible that the increase in acylated ghrelin level after exercise could be an attempt to decrease lipid utilization, because central infusion of ghrelin inhibits lipid oxidation and increases lipogenesis, the entry of triglycerides into white fat cells (37) and carbohydrate utilization (47).

Several studies provided supporting evidence (7,23,30) that the elevated levels of total ghrelin from moderate-intensity exercise seem to be linked with fats as the main energy source. When a high fat content diet was compared to a low fat content diet, low fat diet lowered FFA levels and increased total ghrelin levels more significantly than a high fat diet during and after moderate level exercise (7). Other studies have shown that intravenous infusion of free fatty acids very rapidly suppresses total ghrelin at a rate of 22% (18,19). The physiological role of FFA in suppressing total ghrelin has not been totally appreciated. It can possibly be explained by the fact that increasing levels of lipid and free fatty acids in the circulation may signal the central nervous system that there is an abundance of food and there is no need for further food intake. However, there could be additional factors associated with circulation of FFA as a result of exercise. The suppression of ghrelin could be linked with the cascade of events (i.e., catecholomines, hormone sensitive lipase, cAMP, growth hormone, glucagon) that release FFA from adipose tissue during exercise. This should also be investigated in future studies.

Also, in the current study, exercise resulted in a decrease of serum leptin compared to the control condition after exercise. Most of the current studies elaborating on the effects of exercise on leptin support this finding (13,14,22). The studies that lend support to the results of the present study were conducted on athletes while the conflicting study (28) was conducted on obese individuals. 

Ghrelin is also negatively regulated by leptin. It has been shown that following the administration of leptin, ghrelin concentration decreases and energy expenditure increases (2,37). Therefore, when leptin level is decreased after long duration–moderate level exercise the effect on suppressing ghrelin may also be diminished. 

Long duration moderate-intensity exercise (max VO2 less than 60%) has been suggested as an exercise mode to decrease body fat (16). The results of the current study call into a question the use of long duration moderate-intensity exercise as an exercise mode to decrease body fat. The results of the present study showed that this type of exercise may result in a decrease in leptin and an increase in ghrelin. Increase of acylated ghrelin and decrease of leptin were shown to increase appetite and food intake (1,17,35,48). Therefore, long duration moderate-intensity exercise (max VO2 less than 60%) may stimulate energy intake after exercise and make weight control more difficult. Also other controlled studies should be conducted to understand the effects of this type of exercise on acylated ghrelin and leptin in obese, overweight and sedentary subjects. 

There are several limitations in the present study. First, plasma FFA measurements, to better understand the relationship between fat utilization and ghrelin secretion, were not taken. Second, the food intake and appetite scores of subjects after exercise were not measured. Third, the blood measurements were not assessed at least a limited time after exercise (1-3 hours) to determine whether the changes persist. Fourth, at least 10 hours of fasting was used as a procedure because this duration has been reported in the literature (4-6). However, it was not reported if subjects had a longer fast, and it is unknown how this would have affected ghrelin/leptin levels.  

CONCLUSIONS

In conclusion, this study demonstrated that energy deficiency induced by acute moderate-intensity (max VO2 less than 60%) exercise lowers leptin levels while increasing acylated ghrelin. This result throws into question the role of this type of exercise in weight control. Further research is needed to determine the significance of this finding. Such research could have important implications regarding the role of long duration acute moderate intensity exercise in weight management.
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Table 1. Physical characteristics of the participants.
Measures	ValuesMean ± SD
Body mass (kg) 	70.60 ± 4.0
Height (m)	1.7 5 ±0.05
Waist/hip ratio(cm)	0.87 ± 0.05
Waist circumference (cm)	79.28 ± 3.54
VO2max (ml . kg-1 . min -1)	63.14 ± 6.09
Body mass index (kg.m-2)	23.04 ± 0.54
Body fat (%)	19.91 ± 0.01
Values are mean ± SD (n=7).

Table 2.  Effect of treadmill exercise at an intensity of 50% VO2max for a period of 60 min on serum leptin and plasma acylated ghrelin within the trials.
Conditions	Pre-test	Post-test	z	p	Power
Leptin Exercise (ng/ml)	4.57 ± 0.80	3.80 ± 1.19	-2.195	0.02*	0.679
Leptin Control (ng/ml)	4.34 ± 0.69	3.54±1.44	-1.521	0.12	0.325
Acylated Ghrelin Exercise (fmol/ml)	13.23 ± 3.69	19.17 ± 7.31	-2.195	0.02*	0.863
Acylated Ghrelin Control (fmol/ml)	14.18 ± 3.82	14.93 ± 5.66	-0.338	0.73	0.060
* Significant differences within the groups (p<0.05).  Values are mean ± SD (n=7).

Table 3.  Effect of treadmill exercise at an intensity of 50% VO2max for a period of 60 min on serum leptin and plasma acylated ghrelin between trials.    
Mean differences	Pre- vs. Post-Test	z	p	Power
Leptin Exercise  (ng/ml)	-0.77±0.70	-0.507	0.61	0.050
Leptin Control (ng/ml)	-0.80±1.18			
Acylated Ghrelin Exercise (fmol/ml)	5.94±2.94	-2.366	0.01*	0.739
Acylated Ghrelin Control (fmol/ml)	0.75±5.73			
* Significant differences between groups (p<0.05).  Values are mean ± SD (n=7).



